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I n a two-stage FEL long wavelength (-100-1000 m) r a d i a t i o n i s produced using a wiggler magnet. The long wavelength r a d i a t i o n then serves as the pump f i e l d t o produce s h o r t wavelength (-1-10 pm) r a d i a t i o n by s c a t t e r i n g from a low energy (-3 MeV) e l e c t r o n beam.
To obtain t h e very high pump f i e l d i n t e n s i t i e s (-lo7-lo9 w/crn2) r equi red f o r t h i s application, t h e long wavelength r a d i a t i o n must be cont a i n e d i n a low loss resonant cavity. A long narrow i n t e r a c t i o n region i s needed i n which t h e e l e c t r o n beam can i n t e r a c t w i t h the high i n t e n s i t y pump f i e l d , b u t the pump beam diameter must be l a r g e a t the c a v i t y end m i r r o r s t o prevent m i r r o r damage.
A quasioptical c a v i t y design t h a t meets these requirements i s shown below. Long wavelength r a d i a t i o n r e f l e c t e d from the l a r g e c a v i t y m i r r o r s i s focused down a t t h e entrance t o a waveguide.
The waveguide provides a long region o f uniform cross section f o r the FEL i n t e r a c t i o n t o take place. A f t e r l e a v i n g t h e waveguide the long wavelength beam expands by d i f f r a c t i o n . The short wavelength beam s u f f e r s almost no d i f f r a c t i o n and passes through holes i n t h e c a v i t y end mirrors.
The lowest l o s s waveguide mode i n t h i s system i s the c y l i n d r i c a l l y symmetric annular TEol mode. Because t h i s mode has a minimum on a x i s and a t t h e w a l l s o f the waveguide,losses are minimal a t t h e holes i n t h e m i rr o r s and i n t h e waveguide.
By segmenting the waveguide a11 modes except TEON modes are suppressed and an a x i a l e l e c t r i c f i e l d can be imposed i n the waveguide t o optimize gain i n both t h e f i r s t and second stages o f t h e FEL. P o l a r i z a t i o n o f the TEol mode i s l i n e a r but varies w i t h azimuth angle. A h e l i c a l wiggler i s t h e r e f o r e needed t o f u l l y e x c i t e t h e TEol mode. The system would operate most e f f i c i e n t l y using an annual e l e c t r o n beam t o i n t e r a c t w i t h the annular pump f i e l d i n t e n s i t y pattern.
An e l e c t r o n beam w i t h low ernittance and energy spread f i r s t passes through t h e second stage i n t e r a c t i o n region i n which a small energy spread i s induced on t h e beam. It then enters the wiggler where long wavelength r a d i a t i o n i s p r e f e r e n t i a l l y produced. The energy spread from t h e second stage i n t e r a c t i o n should be a n e g l i g i b l e p e r t u r b a t i o n f o r the f i r s t stage i n t e r a c t i o n . 
